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TITLE 

METHOD OF FORMING A COLOR FILTER HAVING VARIOUS THICKNESSES AND 
A TRANS FL E CT I VE LCD WITH THE COLOR FILTER 

BACKGROUND OF THE INVENTION 

5 Field of the Invention 

The present invention relates to a transf lective liquid 
crystal display device implementing a color filter having 
various thicknesses, and more particularly, to a method of 
forming a color filter having various thicknesses. 

10 Description of the Related Art 

Liquid crystal display (LCD) devices are widely used as 
displays in devices such as portable televisions and notebook 
computers. Liquid crystal display devices are classified into 
two types. One is a transmissive type liquid crystal display 

15 device using a backlight as a light source, and another is the 
reflective type liquid crystal display device using an external 
(or ambient) light source, such as sunlight or a lamp. It is 
difficult to decrease the weight, volume, and power consumption 
of the transmissive type LCD due to the power requirements of 

20 the backlight component. The reflective type LCD has the 
advantage of not requiring a backlight component, but cannot 
operate without an external light source. 

In order to overcome the drawbacks of these two types of 
LCDs, a transf lective LCD device which can operate as both a 

25 reflective and transmissive type LCD is disclosed. The 
transf lective LCD device has a reflective electrode in a pixel 
region, wherein the reflective electrode has a transmissive 
portion. Thus, the transf lective LCD device has lower power 
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consumption than the conventional transmissive type LCD device 
because a backlight component is not used when there is a bright 
external light. Further, in comparison with the reflective 
type LCD device, the transf lective LCD device has the advantage 
of operating as a transmissive type LCD device using backlight 
when no external light is available. 

Fig. 1, a sectional view of a conventional transf lective 
LCD device, helps to illustrate the operation of such devices. 
As shown in Fig. 1, the conventional transf lective LCD device 
includes a lower substrate 100 (also referred to as an array 
substrate) , an upper substrate 160 and a liquid crystal layer 
13 0 interposed therebetween. A common electrode 14 0 and a color 
filter 150 are formed on the upper substrate 160. An insulating 
layer 110 and a reflective electrode 120 are formed on the lower 
substrate 100, wherein the reflective electrode 120 has an 
opaque portion 122 and a transparent portion 124. The opaque 
portion 122 of the reflective electrode 120 can be an aluminum 
layer and the transparent portion 124 of the reflective 
electrode 12 0 can be an ITO (indium tin oxide) layer. The opaque 
portion 122 reflects the ambient light 170, while the 
transparent portion 124 transmits light 180 from the backlight 
device (not shown) . The liquid crystal layer 13 0 includes a 
plurality of spherical spacers (not shown) used to keep a fixed 
layer thickness or cell gap of the liquid crystal layer 130. 
Thus, the transf lective LCD device is operable in both a 
reflective mode and a transmissive mode. 

The conventional transf lective LCD device, however, has 
the drawback of different color reproduction levels (color 
purity) in ref lective and transmissive modes, due to, referring 
to Fig. 1, the backlight 180 penetrating the transparent 
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portion 124 passing through the color filter 150 once and the 
ambient light 170 reflected from the opaque portion 122 passing 
through the color filter 150 twice. This greatly degrades the 
display quality of transf lect ive LCDs. 
5 Recently, a method of forming a color filter having 

various thicknesses on a substrate, to resolve the color purity 
issue, has been disclosed. Figs. 2A-2C are sequential 
sectional views illustrating a fabricating process for the 
color filter having various thicknesses according to the prior 
10 art. 

In Fig. 2A, a transparent resist layer 210 is coated and 
patterned on a substrate 2 00 (e.g. the upper substrate) . The 
transparent resist layer 210 corresponds to a reflective region 
201 of a transf lective LCD device. 

15 In Fig. 2B, a patterned red resist layer 220 is coated and 

patterned on part of the substrate 200 and part of the 
transparent resist layer 210. 

In Fig. 2C, a patterned green resist layer 230 and a 
patterned blue resist layer 240 are sequentially coated and 

20 patterned on part of the substrate 200 and part of the 
transparent resist layer 210. Thus, a conventional color 
filter having various thicknesses is obtained. 

Nevertheless, the method requires additional 
photolithography (that is, an added mask) to form the 

2 5 transparent resist layer 210, and thereby increases costs. 
Referring to Fig. 2C, since the resist layers 220, 230 and 240 
are coated on the rough substrate surface having the 
transparent resist layer 210; it is difficult to control the 
thicknesses of the resist layers 220, 230 and 240. The 
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conventional method, however, cannot exactly solve the problem 
of different levels of color purity. 

SUMMARY OF THE INVENTION 

The object of the present invention is to provide a 
5 transf lective liquid crystal display device implementing a 
color filter having various thicknesses. 

Another object of the present invention is to provide a 
transf lective liquid crystal display device with equal color 
purity in both transmissive and reflective modes. 

10 Yet another object of the present invention is to provide 

a method of forming a color filter having various thicknesses 
on a substrate. 

In order to achieve these objects, the present invention 
provides a transf lective liquid crystal display device. An 

15 insulating layer is formed on a lower substrate. A lower 
electrode is formed on the insulating layer, wherein the lower 
electrode has a transmissive portion and a reflective portion. 
An upper substrate opposing the lower substrate is provided, 
wherein a side of the upper substrate has a color filter having 

20 various thicknesses. A planarization layer is formed on the 
color filter, wherein the planarization layer is opposite to 
the lower substrate. An upper electrode is formed on the 
planarization layer. A liquid crystal layer is interposed 
between the upper and lower substrates. 

2 5 The present invention also provides a method of forming 

a color filter having various thicknesses. A substrate having 
a first region and a second region thereon is provided. A thick 
color resist layer comprising positive photoresist is formed 
on the substrate. A photolithography procedure using an 
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exposure light and a photomask is performed on the thick color 
resist layer to remove part of the thick color resist layer in 
the second region, thus a thin color resist layer is formed on 
the substrate in the second region. The photomask comprises 
5 a first pattern shading the first region from exposure and a 
second pattern decreasing intensity of exposure penetrating 
the second pattern, wherein the second pattern can be a 
half-tone pattern corresponding to the second region. A 
planarization layer is formed to cover the thick and thin color 
10 resist layers. The first region corresponds to a transmissive 
region of a transf lective LCD device and the second region 
corresponds to a reflective region of the transf lective LCD 
device . 

The present invention also provides another method of 
15 forming a color filter having various thicknesses. A substrate 
having a first region and a second region thereon is provided. 
A thick color resist layer comprising negative photoresist is 
formed on the substrate. A photolithography procedure using 
an exposure light and a photomask is formed on the thick color 
20 resist layer to remove part of the thick color resist layer in 
the second region, thus a thin color resist layer is formed on 
the substrate in the second region. The photomask comprises 
a first pattern transmitting exposure to the first region and 
a second pattern decreasing an intensity of exposure 
25 penetrating the second pattern, wherein the second pattern can 
be a half-tone pattern corresponding to the second region. A 
planarization layer is formed to cover the thick and thin color 
resist layers. The first region corresponds to a transmissive 
region of a transf lective LCD device and the second region 
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corresponds to a reflective region of the transf iect ive LCD 
device . 

The present invention improves on the prior art in that 
the present method uses one photolithography with one photomask 
5 to form a color filter having various thicknesses. The 
photomask comprises two patterns each with different 
transmittance . The present invention uses only one photomask 
to form the color filter having various thicknesses, thereby 
reducing manufacturing costs and ameliorating the 
10 disadvantages of the prior art. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention can be more fully understood by 
reading the subsequent detailed description in conjunction 
with the examples and references made to the accompanying 
15 drawings, wherein: 

Fig. 1 is a sectional view of a transf lect ive LCD device 
according to the prior art, illustrating the operation thereof; 

Figs. 2A-2C are sequential sectional views illustrating 
a fabricating process for a color filter having various 
2 0 thicknesses according to the prior art; 

Figs. 3A-3C are sequential sectional views illustrating 
a fabricating process for a color filter having various 
thicknesses according to the present invention ; 

Fig. 4 is a plane view showing a photomask used in the 
25 present fabricating process; 

Fig. 5 is a plane view showing another photomask used in 
the present fabricating process; and 

Figs. 6 and 7 are sectional views of transf lect ive LCD 
devices employing the color filter of the present invention. 
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DETAILED DESCRIPTION OF THE INVENTION 

With reference to the drawings, preferred embodiments of 
the invention are described below. 

Figs. 3A-3C are sequential sectional views illustrating 
a fabricating process for a color filter having various 
thicknesses according to the present invention. In order to 
simplify the illustration, Figs. 3A-3C shows a partial 
sectional view in one pixel region. That is, the number of pixel 
regions may be very large. Additionally, a black matrix (not 
shown) can be formed to surround each pixel region. In order 
to avoid obscuring aspects of the present invention, the 
formation of the black matrix (not shown) is not described here. 

In Fig. 3A, a substrate 300 such as a glass substrate is 
provided. The substrate 300 typically serves as an upper 
substrate of an LCD device. The substrate 3 00 has a 
predetermined first region 3 01 and a predetermined second 
region 3 02 thereon. For example, in a transf lect ive LCD device, 
the first region 301 corresponds to the transmissive region and 
the second region 3 02 corresponds to the reflective region. 

In Fig. 3A, a thick color resist layer 310 is coated on 
the substrate 300 . The thick color resist layer 310 can be red, 
green or blue . 

In Fig. 3B, part of the thick color resist layer 310 in 
the second region 302 is removed to form a thin color resist 
layer 320 on the substrate 300 in the second region 302. 
Hereinafter, two demonstrative examples for removing part of 
the thick color resist layer 310 follow, but are not intended 
to limit the present invention. 

In the first example, the thick color resist layer 310 is 
composed of positive photoresist. A photolithography 
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procedure using an exposure light (not shown) and a photomask 
(or reticle) 410 shown in Fig. 4 is performed on the thick color 
resist layer 310 to remove part of the thick color resist layer 
310 in the second region 3 02 . Thus, the thin color resist layer 
320 is formed on the substrate 300 in the second region 302. 
In Fig. 4, the photomask 410 comprises a first pattern 420 
corresponding to the first region 301 and a second pattern 430 
corresponding to the second region 302. The first pattern 420 
shades the first region 3 01 from exposure; thereby preventing 
exposure to the thick color resist layer 310. The second 
pattern 43 0 decreases the intensity of exposure penetrating the 
second pattern 43 0, thereby reducing the exposure resolution 
in the second region 3 02 . For example, the exposure resolution 
can be decreased to about 1/2. 

In the first example, a half-tone pattern is employed to 
serve as the second pattern 43 0 with the property of reducing 
exposure intensity. The second pattern 43 0 can be constructed 
from a plurality of micro patterns 1060 spaced out a slit 1050 
from each other. The micro patterns 1060 can be transparent 
or opaque. When the micro pattern 1060 is transparent, the slit 
1050 is opaque. Contrarily, as shown as Fig. 4, when the micro 
pattern 1060 is opaque, the slit 1050 is transparent. The 
exposure intensity through the second pattern 43 0 can be 
partially reduced by controlling the sizes of the slit 1050 
and/or the micro patterns 1060. Thus, the thick color resist 
layer 310 cannot be thoroughly exposed and the thin color resist 
layer 320 having a certain thickness can remain after partial 
exposure and development. The shape of each micro pattern 1060 
can be any shape. For example, the micro pattern 1060 can be 
rectangular (square or oblong) , circular, rhombic, triangular 
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or others. Additionally, the entirety of the micro patterns 
1060 together forms a stripe. Moreover, the thickness of the 
thin color resist layer 320 can be controlled by adjusting the 
sizes of the slit 1050 and/or the micro patterns 1060. 
5 In the second example, the thick color resist layer 310 

is composed of negative photoresist. A photolithography 
procedure using an exposure light (not shown) and a photomask 
(or reticle) 510 shown in Fig. 5 is performed on the thick color 
resist layer 310 to remove part of the thick color resist layer 

10 310 in the second region 302 . Thus, the thin color resist layer 
320 is formed on the substrate 300 in the second region 302. 
In Fig. 5, the photomask 510 comprises a first pattern 520 
corresponding to the first region 301 and a second pattern 530 
corresponding to the second region 302. The first pattern 520 

15 transmits exposure to the first region 301, thereby exposing 
the thick color resist layer 310. The second pattern 530 
decreases the intensity of the exposure penetrating the second 
pattern 530, thereby reducing the exposure resolution in the 
second region 302. For example, the exposure resolution can 

20 be decreased to about 1/2. 

In the second example, a half-tone pattern is employed to 
serve as the second pattern 53 0 with the property of reducing 
exposure intensity. The second pattern 53 0 can be constructed 
from a plurality of micro patterns 1080 spaced out a slit 1070 

25 from each other. The micro patterns 1080 can be transparent 
or opaque. As shown as Fig. 5, when the micro pattern 1080 is 
transparent, the slit 1070 is opaque. Contrarily, when the 
micro pattern 1080 is opaque, the slit 1070 is transparent. The 
exposure intensity through the second pattern 53 0 can be 

30 partially reduced by controlling the sizes of the slit 1070 
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and/or the micro patterns 1080. Thus, the thick color resist 
layer 310 can be thoroughly exposed and the thin color resist 
layer 320 having a certain thickness can remain after partial 
exposure and development. The shape of each micro pattern 1080 
5 can be any shape. For example, the micro pattern 1080 can be 
rectangular (square or oblong) , circular, rhombic, triangular 
or others. Additionally, the entirety of the micro patterns 
1080 together forms a stripe. Moreover, the thickness of the 
thin color resist layer 320 can be controlled by adjusting the 

10 sizes of the slit 1070 and/or the micro patterns 1080. 

It should be noted that, the present method requires only 
one photolithography step and uses only one photomask (410 or 
510) to form a color filter having various thicknesses, thereby 
reducing manufacturing costs. Moreover, it is easy to control 

15 the thickness of the color filter because of the smooth 
substrate 300. 

Next, referring to Fig. 3C, a transparent planarization 
layer 330 is formed on the thick and thin color resist layers 
310 and 320. The transparent planarization layer 330 can be 

2 0 an organic insulating layer or an inorganic insulating layer. 

The organic insulating material may be BCB (benzocyclobutene) , 
acryl resin and so on. The inorganic insulating material may 
be Si0 2 , SiN x and so on. Thus, a color filter having various 
thicknesses is obtained. 
25 Fig. 6 is a sectional view of a transf lect ive LCD device 

690 employing the color filter of the present invention. In 
order to avoid obscuring aspects of the present invention, the 
detailed LCD process is not described. A lower substrate 600 
having a TFT array (not shown) and an insulating layer 610 

3 0 thereon is provided. A lower electrode (or called a reflective 
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electrode) 620 is formed on the insulating layer 610 . The lower 
electrode 620 has a reflective portion 622 and a transmissive 
portion 624. The reflective portion 622 can be an aluminum 
layer and the transmissive portion 624 can be an ITO (indium 
tin oxide) or IZO (indium zinc oxide) layer. An upper substrate 
660 opposing the lower substrate 600 is provided, wherein a side 
of the upper substrate 660 has a color filter 650 having various 
thicknesses, which is fabricated by the present method. The 
color filter 650 has a first thickness portion 651 
corresponding to the transmissive portion 624 and a second 
thickness portion 652 corresponding to the reflective portion 
622 . The first thickness portion 651 is thicker than the second 
thickness portion 652. A planarization layer 645 (or called 
an overcoat) composed of a high transmittance material (e.g. 
Si0 2 or SiN x ) is formed on the color filter 650, wherein the 
planarization layer 645 is opposite to the lower substrate 600. 
An upper electrode (or called a common electrode) 64 0 is formed 
on the planarization layer 645. Lastly, a liquid crystal 
material fills a space between the upper substrate 660 and the 
lower substrate 600 to form a liquid crystal layer 630. 

According to the embodiment, referring to Fig. 6, for a 
reflective mode of the transf lective LCD device 690 of the 
present invention, an ambient light 670 from an exterior light 
source (not shown) passes through the second thickness portion 
652 of the color filter layer 650 twice. For a transmissive 
mode of the transf lective LCD device 6 90 of the present 
invention, a backlight 680 from a backlight source (not shown) 
passes through the first thickness portion 651 of the color 
filter layer 650 once. Since the first thickness portion 651 
is thicker than the second thickness portion 652, the total 
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passage of the ambient light 670 passing through the color 
filter layer 650 is similar to that of the backlight 680, 
thereby normalizing color reproduction (color purity) between 
reflective and transmissive modes of the transf lective LCD 
device . 

Fig. 7 is a sectional view of another transf lective LCD 
device 790 employing the color filter of the present invention. 
The transf lective LCD device shown in Fig. 7 employs a COA 
(color filter on array) technology, improving the alignment of 
the upper and lower substrates. In order to avoid obscuring 
aspects of the present invention, the detailed LCD process is 
not described. A lower substrate 700 having a TFT array (not 
shown) and an insulating layer 710 thereon is provided. A lower 
electrode (or called a reflective electrode) 720 is formed on 
the insulating layer 710. The lower electrode 720 has a 
reflective portion 722 and a transmissive portion 724. The 
reflective portion 722 can be an aluminum layer and the 
transmissive portion 724 can be an ITO (indium tin oxide) or 
IZO (indium zinc oxide) layer. A color filter 730 having 
various thicknesses, which is fabricated by the present method, 
is formed on the lower electrode 720. The color filter 730 has 
a first thickness portion 731 corresponding to the transmissive 
portion 724 and a second thickness portion 732 corresponding 
to the reflective portion 722. The first thickness portion 731 
is thicker than the second thickness portion 732. A 
planarization layer 740 (or called an overcoat) composed of a 
high transmittance material (e.g. Si0 2 or SiN x ) is formed on 
the color filter 730 . An upper substrate 760 opposing the lower 
substrate 700 is provided. An upper electrode (or called a 
common electrode) 750 is formed on the upper substrate 760. 
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Lastly, a liquid crystal material fills a space between the 
upper substrate 760 and the lower substrate 700 to form a liquid 
crystal layer 755. 

According to the embodiment, referring to Fig. 7, for a 
5 reflective mode of the transf lective LCD device 790 of the 
present invention, an ambient light 770 from an exterior light 
source (not shown) passes through the second thickness portion 
732 of the color filter layer 730 twice. For a transmissive 
mode of the transf lective LCD device 790 of the present 

10 invention, a backlight 780 from a backlight source (not shown) 
passes through the first thickness portion 731 of the color 
filter layer 730 once. Since the first thickness portion 731 
is thicker than the second thickness portion 732, the total 
passage of the ambient light 770 passing through the color 

15 filter layer 730 is similar to that of the backlight 780, 
thereby normalizing color reproduction (color purity) between 
reflective and transmissive modes of the transf lective LCD 
device . 

The present invention provides a transf lective liquid 
20 crystal display device implementing a color filter having 
various thicknesses on an upper substrate. Also, the present 
invention uses only one photomask (i.e. one photolithography) 
to form the color filter having various thicknesses. The 
photomask comprises two patterns each with different 
25 transmittance . According to the present invention, the total 
passage of the ambient light passing through the color filter 
layer is similar to that of the backlight, thereby normalizing 
color reproduction (color purity) between reflective and 
transmissive modes of the transf lective LCD device. 



13 



' Client's ref.: AU91054+AU0307075##/5RW&+*8i^* 
File: 0632-8321USF/Jacky/Steve (920926##) 

Finally, while the invention has been described by way of 
example and in terms of the above, it is to be understood that 
the invention is not limited to the disclosed embodiments. On 
the contrary, it is intended to cover various modifications and 
5 similar arrangements as would be apparent to those skilled in 
the art. Therefore, the scope of the appended claims should 
be accorded the broadest interpretation so as to encompass all 
such modifications and similar arrangements. 
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